Abstract : Several specific locations in brain, including pyriform cortex and hypothalamus, are associated with regulation of food intake. Although lesions of these locations significantly alter food intake, their involvement in the selection of macronutrients is not well characterized. In this study, we examined distinct effects of anterior pyriform cortex (APC) and lateral hypothalamus (LH) lesions on protein intake in rats. The APC or LH of male adult rats were lesioned by treatment with kainic acid, and the rats were then given free access to two kinds of casein diets containing high (60% %) and low (5% %) protein.
INTRODUCTION
Food choice determinants are still a matter of conjecture, but it is likely that rats select macronutrients according to their needs and to achieve optimal adaptation (1) . Indeed in early studies, Richer, et al. observed that rats given separate sources of the three macronutrients (protein, fat, and carbohydrate) as well as various sources of vitamins and minerals chose adequate diets that led to normal growth and showed no symptoms of nutritional deficiencies (2) . Moreover, several studies suggest that rats can select balanced diets and thrive well when given separate macronutrient sources (3, 4) . Based on these investigations, it is presumed that the selections of individual nutrients as well as total energy intake are strictly regulated, albeit by unknown mechanisms.
There are many studies examining the effects of lesioning locations in brain that are associated with the regulation of feeding behavior and nutrient intake by sensing amounts and kinds of nutrients in diets. Especially, lesions of the lateral hypothalamus (LH) decrease body fat and increase the activity of the sympathetic nervous system in rats (5).
Leung and Rogers reported that rats with lesions in certain areas of the anterior pyriform cortex (APC) chose an amino acid imbalanced diet over a proteinfree diet, whereas intact controls selected a proteinfree diet over an imbalanced diet (6) . However, the involvement of these locations in macronutrient selection is still unclear.
The present study was designed to investigate the involvement of APC or LH on feeding behavior in rats. Following lesions of either APC or LH, rats were given free access to two kinds of casein diets containing high (60%) or low (5%) amounts of protein.
We then measured body weight, food intake, and protein intake in the rats and compared these values with those in control (sham-operated) animals to assess the feeding behavior of rats after the lesions.
MATERIALS AND METHODS

Diets and animals
All male Sprague-Dawley rats (6 weeks old) were housed individually in cages, in a temperature controlled (25 ! 1" !) room under 12 h light/dark cycle (lights on from 8 : 00 to 20 : 00). Rats were maintained on a freely feeding, self-selection paradigm with two kinds of diets, high protein (60% casein) and low protein (5% casein), during the experiment period (from day -7 to day 15, lesions were performed on day 0). The compositions of the experimental diets are shown in Table 1 . The rats were allowed free access to these diets daily from 9 : 00 to 21 : 00. Water was also available throughout the experiments.
The APC and LH lesions
Kainic acid (0.5 mg/0.5 ml saline) was bilaterally injected into APC [n = 5 ; anteroposterior to interaural line (AP) : +2.2 mm, lateral : +4.0 mm, dorsal : +7.5 mm] or LH (n = 5 ; AP : -3.3 mm, lateral : +1.3 mm, dorsal : +7.7 mm) in rats placed in a stereotaxic frame on day 0, as described previously (7). Briefly, injections were made via a 33-gauge injector using a guide cannula. Each injection needle was connected to a 10-ml syringe fitted to a microinjection pump. Control animals were injected with vehicle in the respective areas (n = 5 for each area). Rats did not show any neurological symptoms after the operation (data not shown). Daily food consumption and body weight of the rats were measured for 15 days, and the ratios of protein intake to total macronutrients were calculated. After finishing the experiments, injection sites and brain lesions were confirmed on Cresyl violet-stained microscopy sections (data not shown).
All animal experiments in the present study were approved by The Committee for the Care and Use of Animals in The University of Tokushima Graduate School and performed by the Institutional Animal Care and Oversight Committee according to established guideline principles.
Statistical analysis
All data were statistically evaluated by one-way ANOVA using SPSS software (release 6.1 ; SPSS Japan Inc., Tokyo, Japan) and were expressed as mean ! SD, n = 5 in each group. Individual differences between groups were assessed with Student's t-test. Differences were considered significant at P ! 0.05.
RESULTS
Body weight
Lesioning APC resulted in a decrease in body weight in rats immediately after the surgery (Fig.  1A) , which steadily returned to control levels by day 13. In contrast, lesioning LH resulted in a decrease in body weight gain immediately after surgery, which failed to return to control levels during the two weeks of the experiment (Fig. 1B) .
Food intake
The APC and LH lesions resulted in similar profiles of daily food intake per 100 g body weight after the surgeries (Fig. 2) . The APC and LH lesions induced temporary hypophagia compared with the respective sham-operated groups. However, the food intakes in both the APC and LH lesion groups returned to control levels by day 4 and day 2, respectively.
Protein intake
Protein intake per 100 g body weight and the ra- tio of protein intake to total energy intake are shown in Fig. 3 . The APC and LH lesions significantly decreased protein intake, compared with that of the respective control groups. Protein intake of the APC lesion group returned to control levels in parallel with the restoration of food intake (Fig. 3A) . The ratio of protein intake to total energy intake in the APC lesion group was constant before and after the lesions (Fig. 3B) , indicating that the protein intake of the APC lesion group changed in parallel with the food intake. By contrast, the protein intake and its ratio to total energy intake of the LH lesion group were significantly decreased (about 50% of each control value) for two weeks after the lesions (Fig. 3C  and D) , whereas food intake was restored to control levels by day 2 (Fig. 2B) . Fig. 3 . Changes in protein intake in the APC-and LH-lesioned rats.
We calculated daily protein intake per 100 g body weight and the ratio of protein intake to total energy intake of rats before and after the APC (A and B)and LH (C and D) lesions, and compared these values to those of the respective sham-operated (control) rats.
Values are mean !SD, n = 5 rats per group. *P ! 0.05 significantly different from control group. 
DISCUSSION
Three main candidates in brain, the ventromedial hypothalamus (VMH), APC and LH, have been associated with regulation of food intake in animal models. For example, bilateral lesions of the VMH can produce obesity in animals (8, 9) . Since bilateral lesions of the APC increase the intake of indispensable amino acid (IAA)-imbalanced diets (6), the APC has been implicated as the primary chemosensor responsible for detection of low levels of dietary IAA (10) . The LH was also classically viewed as the "feeding center", because stimulation of this nucleus increases food intake, while its destruction attenuates feeding and causes weight loss (11) . In our previous study, VMH lesions induced hyperphagia due to increases in fat and carbohydrate intakes, but not an increase in protein intake, suggesting that other brain regions may exist to regulate protein intake (manuscript in preparation). The present study is a serial investigation on determining the brain areas involved in protein intake. Therefore, we examined the effects of lesioning the APC or LH on protein intake in rats.
Rats in the LH lesion group preferentially chose the low protein diet, compared with the APC-lesioned or sham-operated rats. This finding was supported by the fact that the ratio of protein intake to total energy intake in the LH-lesioned rats was decreased (about 50% of each control value) for two weeks after lesioning. We suggest that the LH may play a more important role in regulating protein intake than the APC. Further experiments are necessary to test this hypothesis.
Several specific conditions, such as burns and bed-resting, were shown to stimulate protein degradation and require increased protein intake (12, 13) . However, fat and carbohydrate intake are more sensitive to such stress conditions than protein intake (14) . Mild chronic stress increases fat and carbohydrate intake, and severe acute stress decreases their intake, but protein intake is not affected by either condition (15) . These findings lead us to consider that under stress conditions protein intake should be increased. It is the next important subject to find reagents stimulating LH activity. We are examining the effects of injecting various reagents, such as neuropeptide Y and leptin, into the LH on protein intake by using the present system, because microinjection of neuropeptide Y into the LH increased food intake in rats (16) .
